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Additional notes to the View graphs for the FIRST-BOL Grating Study Group
Meeting 10/11 Feb 1997

B. Swinyard - RAL
14 February, 1997

Present: B.Swinyard -RAL
P. Hastings - ROE-
M. Caldwell -RAL
E. Atad -ROE
F. Pajot -IAS -
R. Emery -RAL
J-P. Balutean -LAS .
K. Dohien - ObsM/LAS
A Murray - QMW (part)

E. Caux - CESR
M. Griffin - QMW -
P. Ade - QMW (part)

Summary:

The status of the FIRST mission was outlined by Matt; it is clear that the situation is
evolving rapidly but must become settled by the middle of the year if the launch in
2005/6 is to be credible. The satellite will be a cryostat only with a 4.5yr lifetime if it
is launched to L2.

The science requirements as set down by the SAG were reviewed (see view graphs).
The original spec. for R=3000 between 200-400 um has been changed to R=1000
between 200-300 optimised at 250 um. Spectroscopic imaging is still a requirement.
Both photometery and spectroscopy should be background limited by the telescope
emission.

Jean-Paul presented a case for optimising the mission for high red shift surveys. In
order to do this he believes that imgaing spectroscopy is unnecessary and that the
resolution required is of the order of 300-400. Also in order to see all the FIR lines
redshifted into the BOL wavelength range it is necessary to have wavelength coverage
up to certainly 350 um and desirable to have it up to 450 um.

The concensus of the meeting was to keep as close as possible to the SAG
recommendations for the time being, with a slight re-emphasis towards higher
wavelengths (350 um) especially for sensitivity. A list of basic assumptions for the
instrument design were drawn up (see view graphs and below).

Actions:

I) Obtain PC Grate grating efficiency code - BMS/PARA

IT) Draft an outline focal plane design - MIG/PARA




IT) Summarise scientific arguments against optimising for imaging spectroscopy and
resolution of 1000 - JPB

IV) Draft a note on the advantages of a grating instrument over a Fabry-Perot -
MJG+others as required

Summary of discussions on Optical Design:

The three groups interested in the optical design of the instrument met in a splinter
group to define the parameters for the optical design of the BOL instrument under the
following basic assumptions agreed in the “plenary” session:

1.

2.

9.

Spectroscopy Resolving Power: 1000@250um nominal

Wavelength Coverage: Spectroscopy - 200-350um - reaching 350 is important for
the high-z survey.
Photometry 200-600um.

. Grating Temperature: <5K

. Photometry/Spectroscopy: Beams for two sub-instruments divided before the 4K

enclosure.

Do not require the same FOV or to image the same portion of the sky
simultaneously.

FOV 225” as per PDD.

Baseline is that there will be a filter wheel for the photometer channel.

. Imaging Spectroscopy: Yes as baseline.
. System Throughput: >10% for spectroscopy; >30% for Photometry.

. Straylight control (see also optical requirements below): Pupil as close as possible

to the grating.
Minimise beam folding.
Lyot stop in photometer may be desirable.

. Focal Plane: Photometer focal plane will have two channels for long and short

wavelengths (200-400um and 400-600um (TBC})

Detector arays and 2K optics should be as compact as possible.
Minimum size of pixel is 2.5-2.6mm with pitch of 4mm.
Pixels can be larger than the minimum size.

25 pixels can be dedicated to spectroscopy.

61 pixels can be for the short wavelength photometer array.

37 pixels can be for the long wavelength photometer array.

Chopping: There will be sky chopping for both the spectrometer and photometer.

10. Final focal ratio: No faster than F3.




Optical Requirements

The splinter meeting agreed the following optical requirements for the design of the
photometer and spectrometer channels. The optical requirements are set out here in
order starting at the focal plane for each sub-instrument - this does not constrain the
designers to using entirely separate optics for the two sub-instruments if sharing parts
of the optical train proves effective.

Photometer:

Focal Plane at detector arrays.

Pupil Plane at cold stop.

Filters on wheel placed close to pupil plane.
Pupil plane at chopper.

Spectrometer:

Focal plane at detector array.

Pupil plane at cold stop between grating and detectors is desirable.
Pupil plane at or close to grating.

Focal plane at slit

Pupil plane at chopper

The sub instruments will view diferent portions of the BOL portion of the telescope
FOV. The baseline for achieving this is by viewing through two separate “holes” with
separate choppers.

Sketch of optical trains:
The splinter group decided upon the following outline optical trains for the two

channels:

Photometer:

Focus of | |Field optics at
Telescope | |intermediate
———— |focal plane

Detector plane

=0

Mirror

(M3) ﬁupil at Pupil at or close
or close to cold stop and
to or final re-

chopper | [Chopper | |imaging optic.




Spectrometer:

Possible pupil

Focus of Slit at Field ontics at between final
Telescope focal fe’c opiies 4 optic and
plane or close to slit detectors

Detector
plane

Pupil at

Mirror|| Pupil at .
grating

M3) llor close

©
pper .

Actions/next meeting:

The three design groups (ROE, RAL and LAS) will circulate outline designs within
two weeks and comment on these by e-mail. The next meeting proper will be in the
week before the Grenoble meeting (7-11th April), probably in Edingburgh




Current Status of FIRST

Possible launch in 2005/6

Possible merger with PLANCK
(to be studied)

Implications for the BOL ??
ESA decision by June SPC meeting ?
Grenoble symposium will be focus of

debate and assessment of the scientific
and technical issues.
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Aims of this Workshop

Consider relative merits of grating and
F-P options

- scientific

- technical

- cost

- risk

Establish baseline assumptions for
grating design (including photometry
capability)

Important parameters:

Size of focal plane arrays
Spectral and spatial sampling
Observing modes

Overall efficiency

Stray light control

Size and mass at4 Kand (15-20) K

Filtering requirements




BOL Science Requirements

Spectroscopy

A =200-300+ um
e AIAN ~ 1000 or better

o Background-limited by telescope
emission

e Imaging

Photometry

° 7L=200-600um
o MAA~3-5

e Background-limited by telescope
emission

e Imaging

Deep survey of high-Z galaxies is a high
priority for FIRST




Advantages of Grating

Simpler instrument construction,
operation

Reliability (F-P has mechanisms in
series)

Less development effort

Lower cost

Higher efficiency ?

Better instrument response function
More suited to spectral survey work
Can more easily separate photometry
and spectroscopy and optimise both

Disadvantages of Grating

Not optimised for 2-D imaging
spectroscopy
Cannot easily get A/A > 1000




Observing Modes
Single pixel
Specific line of <

/ Single pixel
Full spectrum \
Mapping




Assume n x n detector array
Specific line of known A

Mapping: F-P is n times faster for
same throughput

Single pixel: F-P and grating equally

fast

Full spectrum

Mapping: F-P and grating equally
fast

Single pixel: Grating is n times faster

F-P better for mapping galaxies and
S-F regions

Grating better for full FIR spectra
and deep surveys of objects of
unknown redshift and
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Study Workshop 10 February 1997

TFIRST - BOL Grating Stupy Working Group
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Figure 1: The FIRST focal plane, top view towards (—x)
The division of the focal plane between the three instruments as seen from above. The sun directioi
is perpendicular to the dividing lines. Units are in mm.
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Figure 2: The FIRST focal plane, side view towards (+y)
The division of the focal plane between the three instruments as seen from one side. The instruments
are mounted on a cooled mounting plate.
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